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(54) IMAGE PROCESSOR 

(57) An image processor comprises an EPROM 
(38) stored with coefficient data for image enlargement 
and reduction, coefficient read controllers (40 - 44) for 
reading out coefficient data from the EPROM (38) 
according to an enlargement/reduction selection signal, 
a variable horizontal characteristic filter (16) foe execut- 
ing either image enlargement or image reduction 
according to the coefficient data, a variable vertical 
characteristic filter (18) also for executing either image 
enlargement or image reduction according to the coeffi- 
cient data, a frame memory (20), a contour correcting 
circuit (14), and selectors (22 - 30). When image 
enlargement is selected by the selectors (22 - 30), the 
input video signals is processed by the contour correct- 
ing circuit (14), the frame memory (20), the filters 
(16,18) in order of mention; when image reduction is 
selected, the input video signals is processed by the 
same in the reverse order. Thus, the portion which 
should not undergo contour enhancement dose not 
undergo contour enhancement during image enlarge- 
ment, and high frequency components enhanced by 
contour correction during image reduction do not disap- 
pear, adequate contour correction even when either 
processing, image enlargement or reduction, is 
selected. 



Fig. i 
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Description 
TECHNICAL FIELD 

[0001] The present invention relates to an image 
processor designed for either image enlargement 
processing or image reduction processing or the both or 
contour correction. 

PACKGROUNPAR T 

[0002] It is a common practice for conventional 
image processors to execute the image processing in 
the order of the contour correction to input video signal 
and subsequent image enlargement processing and/or 
image reduction processing, or in the order of the image 
enlargement processing and/or image reduction 
processing and subsequent contour correction. 
[0003] In other words, the contour correction is not 
correlated with the image enlargement processing 
and/or image reduction processing. 
[0004] Further, as discussed above, in a conven- 
tional image processor, the contour correction is not 
correlated with the image enlargement processing 
and/or image reduction processing, causing a problem 
such as very poor contour correction effect or unneces- 
sary contour emphasis. 

[0005] For instance, in a system designed for mak- 
ing the contour correction subsequently to the image 
enlargement processing to the input video signal, the 
contour correction is made to the video signal subse- 
quently to the image enlargement processing, causing a 
problem such as making unnecessary emphasizing of 
contour. 

[0006] Further, in a system designed for executing 
the image reduction processing subsequently to the 
image reduction processing for input video signal, the 
band of the high-pass frequency component intensified 
by the contour emphasizing is limited in the stage of 
image reduction processing, thereby causing a problem 
that very poor contour correction effect results. 
[0007] The present invention is made in considera- 
tion of the above problems and is designed to provide 
an image processor that is not only capable of freely 
selecting either the image enlargement processing or 
image reduction processing but also capable of making 
appropriate contour correction regardless of whether 
the image enlargement processing or image reduction 
processing is selected. 

DISCLOSURE OF THE INVENTION 

[0008] The image processor according to the 
present invention comprises a coefficient memory for 
previously storing the coefficients for image enlarge- 
ment and image reduction, a coefficient read-out con- 
troller for reading out corresponding coefficient from the 
coefficient memory according to enlargement/reduction 



selection signal, a characteristic variable filter for exe- 
cuting the filter processing corresponding to either 
image enlargement or image reduction according to the 
coefficient data read out by the coefficient read-out con- 

5 trailer, an image memory and a contour correction cir- 
cuit and selector groups, the selector groups being 
respectively provided in the preceding and subsequent 
stages of each of the image memory, the contour cor- 
rection circuit and the characteristic variable filter and 

10 connected to one another. 

[0009] When the image enlargement processing is 
selected by the enlargement/reduction selection signal, 
the selector groups makes the input video signal being 
processed sequentially through the contour selection 

15 circuit, image memory and characteristic variable filter, 
while the video signal is made to be processed sequen- 
tially through the characteristic variable filter, image 
memory and contour correction circuit when the 
enlargement/reduction selection signal for image reduc- 

20 tion processing is selected. 

[0010] When the image enlargement processing is 
selected, the input video signal is made to be processed 
sequentially through the contour correction circuit, 
image memory and characteristic variable filter. In this 

25 case, the characteristic variable filter executes the filter 
processing for image enlargement according to the 
coefficient data read out from the coefficient memory in 
response to the enlargement/reduction selection signal. 
In this case, since the image enlargement processing is 

30 executed after the contour correction, unnecessary 
emphasizing of contour can be prevented unlike the 
case of the conventional system wherein the contour 
correction processing is applied to the video signal 
which has already undergone the image enlargement 

35 processing. 

[0011] When the image reduction processing is 
selected, the input video signal is processed sequen- 
tially through the characteristic variable filter, image 
memory and the contour correction circuit. In this case, 

40 the characteristic variable filter executes the filter 
processing for image reduction according to the coeffi- 
cient data for the image reduction read out from the 
coefficient memory in response to the enlarge- 
ment/reduction selection signal. In this case, since the 

45 contour correction is made after the image reduction 
processing, the band of the high-pass frequency com- 
ponent will not be limited for the image reduction 
processing unlike the case of the conventional system. 
[0012] Further, in the image processor according to 

so the present invention, the coefficient memory previously 
stores the coefficient data for image enlargement and 
image reduction in horizontal direction and vertical 
direction respectively; the coefficient read-out controller 
reads out the corresponding coefficient data from the 

55 coefficient memory according to the enlarge- 
ment/reduction selection signal for selecting either 
image enlargement processing or image reduction 
processing with respect to each of the horizontal direc- 
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tion and vertical direction; the characteristic variable fil- 
ter comprises a horizontal characteristic variable filter, 
for executing the filter processing for either the image 
enlargement processing or image reduction processing 
in horizontal direction according to the coefficient data 5 
for horizontal direction read out by the coefficient read- 
out controller, and a vertical characteristic variable filter 
for executing the filter processing for either the image 
enlargement processing or image reduction processing 
in vertical direction according to the coefficient data for 10 
vertical direction read out by the coefficient read-out 
controller. 

[0013] With the arrangement described above, 
either the image enlargement processing or image 
reduction processing, each with respect to either hori- 15 
zontal direction (transverse direction) or vertical direc- 
tion (perpendicular direction) can be selected freely. 
[0014] In the image processor according to the 
present invention, when the vertical reduction and hori- 
zontal reduction are selected by the selector groups, 20 
processing proceeds sequentially through the horizon- 
tal characteristic variable filter, vertical characteristic 
variable filter, image memory and contour correction cir- 
cuit; when the vertical reduction and horizontal enlarge- 
ment are selected, the processing proceeds 25 
sequentially through the vertical characteristic variable 
filter, image memory, horizontal characteristic variable 
filter and contour correction circuit; when vertical 
enlargement and horizontal reduction are selected, the 
processing proceeds sequentially through the horizon- 30 
tal characteristic variable filter, image memory, vertical 
characteristic variable filter and contour correction cir- 
cuit; when the vertical enlargement and horizontal 
enlargement are selected, the processing proceeds 
sequentially through the contour correction circuit, 35 
image memory, horizontal characteristic variable filter 
and vertical characteristic variable filter. 
[0015] With the arrangement described above, 
when the image enlargement processing or image 
reduction processing is selected, each with respect to 40 
both the horizontal and vertical directions, not only the 
appropriate contour correction can be accomplished but 
also it can be prevented that the contour correction 
effect becomes ineffective when the image enlargement 
processing in vertical direction is selected while the 45 
image reduction processing in horizontal direction is 
selected and vice versa. 

[001 6] Further, in the image processor according to 
the present invention, when the vertical reduction and 
horizontal reduction are selected by the selector 50 
groups, the processing proceeds sequentially through 
the horizontal characteristic variable filter, vertical char- 
acteristic variable filter, image memory and contour cor- 
rection circuit; when vertical reduction and horizontal 
enlargement are selected, the processing proceeds 55 
sequentially through the contour correction circuit, verti- 
cal characteristic variable filter, image memory and hor- 
izontal characteristic variable filter; when vertical 



enlargement and horizontal reduction are selected, the 
processing proceeds sequentially through the contour 
correction circuit, horizontal characteristic variable filter, 
image memory and vertical characteristic variable filter; 
when vertical enlargement and horizontal enlargement 
are selected, the processing proceeds sequentially 
through the contour correction circuit, image memory, 
horizontal characteristic variable filter and vertical char- 
acteristic variable filter. 

[0017] With the arrangement described above, 
when the image enlargement processing or image 
reduction processing is selected with respect to both the 
horizontal and vertical directions, not only appropriate 
contour correction can be accomplished but also unnec- 
essary emphasizing can be prevented when image 
enlargement in horizontal direction is selected while 
image reduction in vertical direction is selected and vise 
versa. 

[0018] Further, in the image processor according to 
the present invention, the contour correction circuit 
comprises a horizontal contour sampler for sampling 
the contour component in horizontal direction, a vertical 
contour sampler for sampling the contour component in 
vertical direction, a first adder for adding the contour 
component sampled by the horizontal contour sampler 
and the contour component sampled by the vertical 
contour sampler and a second adder for adding the con- 
tour component outputted from the first adder to the 
video signal to be inputted to the contour correction cir- 
cuit to output the video signal corrected for contour. 
[0019] With the arrangement described above, the 
contour can be corrected by sampling and adding the 
contour components in horizontal direction and vertical 
direction. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0020] 

Fig.1 is a block diagram showing an embodiment of 
the image processor according to the present 
invention. 

Fig.2 is a block diagram showing an example of the 

contour correction circuit 14 given in Fig.1 . 

Fig. 3 is a block diagram showing an example of the 

horizontal characteristic variable filter 1 6 given in 

Fig.1. 

Fig.4 is an explanatory drawing for showing the 
operations of the selector groups 22 through 32 and 
decoder 36 given in Fig.1 . 
Fig. 5 is an explanatory drawing for indicating the 
sequence of processings to be executed when "Ver- 
tical reduction and horizontal reduction process- 
ing", "vertical reduction and horizontal enlargement 
processing", "vertical enlargement and horizontal 
reduction processing" and "vertical enlargement 
and horizontal enlargement processing" are 
selected respectively. 
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Fig.6 is an explanatory drawing for comparing the 
frequency characteristic (of the image processor 
according to the present invention), in the case 
where the image reduction processing (e.g., "verti- 
cal reduction and horizontal reduction") is selected, 5 
with that of a conventional image processor (an 
example for comparison), wherein (A) represents 
the case of the present invention, while (B) repre- 
sents the case of the conventional image processor 
(an example for comparison). 10 
Fig. 7 is an explanatory drawing for comparing the 
frequency characteristic of (the image processor 
according to the present invention), in the case 
where the image enlargement processing (e.g., 
vertical enlargement and horizontal enlargement) is 15 
selected, with that of the conventional image proc- 
essor (an example for comparison), wherein (A) 
represents the case of the present invention, while 
(B) represents the case of the conventional image 
processor. 20 
Fig. 8 is a block diagram showing another embodi- 
ment of the present invention. 
Fig. 9 is an explanatory drawing showing the func- 
tions of the selector groups 22 through 32 and the 
decoder 36a given in Fig.8. 25 
Fig. 10 is an explanatory drawing showing the 
sequences of processings to be executed respec- 
tively when "vertical reduction and horizontal reduc- 
tion", "vertical reduction and horizontal 
enlargement", "vertical enlargement and horizontal 30 
reduction" and "vertical enlargement and horizontal 
enlargement" are selected. 

PEST MODE FOR CARRYING OUT THE INVENTION 

35 

[0021] The present invention will be described in 
detail in the following, referring to accompanying draw- 
ings. 

[0022] Fig.1 shows an embodiment of the present 
invention, wherein 1 0 represents a terminal for inputting 40 
digital video signal (hereinafter referred to simply as 
video signal) and 12, a terminal for outputting the video 
signal which has undergone image processing. 
[0023] 1 4 represents a contour correction circuit for 
contour correction processing; 16, a horizontal charac- 45 
teristic variable filter for executing the filter processing 
for corresponding one of the horizontal image enlarge- 
ment and horizontal image reduction on the basis of the 
2-bit enlargement/reduction selection signal, which will 
be described later; 18, a vertical characteristic variable so 
filter for executing the filter processing for corresponding 
one of the vertical image enlargement and vertical 
image reduction on the basis of the enlargement/reduc- 
tion selection signal; 20, a frame memory as an exam- 
ple of the image memory. 55 
[0024] 22, 24, 26 and 28 represent a first, a second, 
a third and a fourth selectors for selecting one of the four 
inputs, A, B, C and D, for Y-output according to the 



selection signal, which will be described later. 
[0025] 30 and 32 represent a fifth and a sixth selec- 
tors for selecting one of 2 outputs, A and B, for Y-output 
according to selection signal, which will be described 
later. 

[0026] 34 represents a terminal for inputting 2-bit 
enlargement/reduction selection signal for selecting one 
of the image enlargement processing and image reduc- 
tion processing in horizontal direction and vertical direc- 
tion respectively; the image enlargement/reduction 
selection signal is input, as a selection signal like one 
shown in Fig.4, to the first, second, third and fourth 
selectors, 22, 24, 26 and 28. 

[0027] In other words, the first, second, third and 
fourth selectors, 22, 24, 26 and 38, selectively outputs 
one of the outputs, A, B, C and D, according to the 
enlargement/reduction selection signals, "00", "01", "10" 
and "11". 

[0028] 36 represents a decoder for decoding the 
enlargement/reduction selection signal to output the 
decoded signal as selection signal to the fifth and sixth 
selectors 30 and 32 as shown in Fig.4. In other words, 
the decoder 36 outputs L-level signal based on the 
enlargement/reduction selection signals "00", "01" and 
"10" and outputs H-level signal based on the enlarge- 
ment/reduction signal "11". Further, the fifth and sixth 
selectors, 30 and 32, respectively selects, for output, A 
input and B input based on L-level and H-level signals. 
[0029] 38 represents an EPROM (Erasable Pro- 
grammable Read Only Memory), and the EPROM 38 
previously stores the coefficient data for image enlarge- 
ment and image reduction, each with respect to hori- 
zontal direction and vertical direction. 
[0030] 40 represents a horizontal RAM (Random 
Access Memory) for the write-in and read-out of the 
coefficient data for both the image enlargement and 
image reduction in horizontal direction; 42, a vertical 
RAM for write-in and read-out of the coefficient data for 
image enlargement and image reduction in vertical 
direction; 44, a control circuit. 

[0031] The control circuit 44 operates according to 
the enlargement/reduction selection signal inputted to 
the input terminal 34 and performs the following func- 
tions (J) and © according to a control program which is 
not shown in the drawings. 

® Outputting address signal and R/W 
(ReadA/Vrite) signal, corresponding to PROM 38, 
horizontal RAM 40 and vertical RAM 42, according 
to the enlargement/reduction selection signals, 
"00", "01", "10" and "11" and reading from the 
EPROM 38 the coefficient data for "vertical reduc- 
tion and horizontal reduction", "vertical reduction 
and horizontal enlargement" , "vertical enlargement 
and horizontal reduction" and "vertical enlargement 
and horizontal enlargement" for output to the hori- 
zontal characteristic variable filter 16 and vertical 
characteristic variable filter 18 by way of the hori- 
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zontal RAM 40 and vertical RAM 42. 
@ Outputting an enable signal to horizontal char- 
acteristic variable filter 16, vertical characteristic 
variable filter 1 8 and frame memory 20 according to 
the enlargement/reduction selection signal "00" 
(i.e., vertical reduction and horizontal reduction). 

[0032] Further, outputting an enabling signal to the 
vertical characteristic variable filter 18 according to the 
enlargement/ reduction selection signal "01° (vertical 
reduction and horizontal enlargement") and also output- 
ting a read-enable signal to horizontal characteristic 
variable filter 1 6 and frame memory 20. 
[0033] Further, outputting the enabling signal to the 
horizontal characteristic variable filter 16 and outputting 
a read-enabling signal to the vertical characteristic vari- 
able filter 18 and to the frame memory 20 according to 
the enlargement/reduction signal "10" (vertical enlarge- 
ment and horizontal reduction). 
[0034] Further, outputting the read-enabling signal 
to the horizontal characteristic variable filter 1 6, vertical 
characteristic variable filter 18 and frame memory 20 
according to enlargement/reduction selection signal 
"11" (vertical enlargement and horizontal enlargement). 
[0035] As shown in Fig.2, the contour correction cir- 
cuit 1 4 comprises a vertical contour sampler 51 for sam- 
pling the contour component in vertical direction from 
the video signal inputted to an input terminal 50, a hori- 
zontal contour component sampler 52 for sampling the 
contour component in horizontal direction from the 
inputted video signal, a first adder 53 for adding the con- 
tour component in vertical direction to the contour com- 
ponent in horizontal direction and a second adder 55 for 
adding the contour component outputted from the first 
adder to the inputted video signal for output to an output 
terminal 54. 

[0036] The vertical contour sampler 51 comprises 
delayers 56, 57, 58 and 59 for sequentially delaying, for 
1 line (1H), the video signal inputted to the input termi- 
nal 50, a multiplier 61 for multiplying the video signal 
inputted to the input terminal 50 by coefficient Kv1 for 
output, multipliers 62, 63, 64 and 65 for multiplying the 
output signals from the delayers 56, 57, 58 and 59 by 
coefficients Kv2, Kv3, Kv4 and Kv5 respectively for out- 
put and an adder 66 for adding the output signals from 
the multipliers 61 through 65. 

[0037] The coefficients, Kv1, Kv2, Kv3, Kv4 and 
Kv5, are set, for example, to 0, -1/4, 1/2, - 1/4 and 0 
when the input video signal is one for interlace scan- 
ning, while the same are set to - 1/4, 0, 1/2,0 and -1/4 
when the input video signal is one for non-interlace 
scanning. 

[0038] The horizontal contour sampler 52 com- 
prises delayers 67, 68, 69 and 70 for sequentially delay- 
ing for 1 dot (1D) the video signals outputted from the 
delayer 57 of the vertical contour sampler 51, a multi- 
plier 71 for multiplying, for output, the video signal out- 
putted from the delayer 57 by coefficient Kh1 , multipliers 



72, 73, 74 and 75 for multiplying the output signals from 
the delayers 67, 68, 69 and 70 by coefficients Kh2, Kh3, 
Kh4 and Kh5 respectively for output and an adder 76 for 
adding the output signals from the multipliers 71 

5 through 75. 

[0039] The coefficients Kh1, Kh2, Kh3, Kh4 and 
Kh5 are set, for example, to 0, -1/4, 1/2, -1/4 and 0 
respectively when the input video signal is for interlace 
scanning, while the same are to -1/4, 0, 1/2, 0, -1/4 

10 when the input signal is for non-interlace scanning. 
[0040] Delayers 77 and 78 for sequentially delaying 
input signal for 1 dot (1D), a noise coring circuit 79, a 
non-linear contour correction circuit 80 and a vertical 
contour correction circuit 81 are interposed between the 

is output side of the vertical contour sampler 51 and one 
of the input sides of the first adder 53. 
[0041] A noise coring circuit 82, a non-linear 
processing circuit 83 and a horizontal contour correction 
circuit 84 are interposed between the output side of the 

20 horizontal contour sampler 52 and the other input side 
of the first adder 53. 

[0042] As shown in Fig. 3, the horizontal character- 
istic variable filter 16 comprises delayers 86^ 86 2> 86 3 , 
.... 86 n with EN terminals for sequentially delaying for 1 

25 dot the video signals inputted to the input terminal 85 for 
output, a multipliers 87 0 , 87 1t 87 2 , 87 3 , ....87 n for multi- 
plying the video signal inputted to the input terminal 85 
by coefficient data respectively for output and an adder 
89 for adding the output signals from the multipliers 87 0 , 

30 87-, , 87 2 , 87 3 ... 87 n for output to an output terminal 88. 
[0043] The delayers 861, 86 2 , 863 ... 86 n are, for 
example, D-type flip-flop's, each with EN terminal, and 
the enabling signal (read-enabling signal for enlarge- 
ment and enabling signal for reduction) is input to the 

35 EN terminal from the control circuit 44. The coefficient 
data for horizontal enlargement and horizontal reduc- 
tion read out from the EPROM 38 and horizontal RAM 
40 by the function @ of the control circuit 44 are input 
to the multipliers 87 0 , 87 1( 87 2 , 87 3 , ... 87 n . 

40 [0044] The vertical characteristic variable filter 18 
has a composition similar to that of the horizontal char- 
acteristic variable filter 16 except that the delayers 86 1( 
86 2 , 86 3 , ...86 n are respectively replaced with those 
capable of sequentially delaying the video signals for 1 

45 line for output. More particularly, the enabling signal 
(read-enable signal for enlargement and enabling signal 
for reduction) is input to each EN terminal of each 
delayer for the 1-line delay, while the coefficient data for 
vertical enlargement and vertical reduction, read out 

50 from the EPROM 38 and RAM 42 by the function @ of 
the control circuit 44, are inputted to the multipliers 
respectively connected to the output sides of the delay- 
ers for 1 -line delay. 

[0045] Next, the operation of the embodiment 
55 shown in Fig.1 will be described referring to Figs. 2 
through 7. 

[0046] First, in the following section (1), it will be 
explained that either the horizontal characteristic varia- 
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ble filter 16 or vertical characteristic variable filter 18 
performs corresponding filter processing for image 
enlargement or image reduction according to the 2-bit 
enlargement/reduction selection signal inputted to input 
terminal 34; in section (2), the operations of the selector 5 
groups 22, 24, 26, 28, 30 and 32 according to the 
enlargement/reduction selection signal will be 
explained; in section (3), the sequence of processing for 
each of "vertical reduction and horizontal reduction", 
"vertical reduction and horizontal enlargement", "verti- 10 
cal enlargement and horizontal reduction" and "vertical 
enlargement and horizontal enlargement" will be 
explained; in section (4), the specific operation of the 
contour correction circuit will be explained. 

15 

(1) Operation of Characteristic Variable Filters 16 and 
18 

[0047] 

20 

(i) Responding to the enlargement/reduction selec- 
tion signals, "00", "01", "10" and "11", the coefficient 
data for "vertical reduction and horizontal reduc- 
tion", "vertical reduction and horizontal enlarge- 
ment", "vertical enlargement and horizontal 25 
reduction" and "vertical enlargement and horizontal 
enlargement" are read out from the EPROM 38 by 

the function (1) of the control circuit 44 and are 
Inputted to the horizontal characteristic variable fil- 
ter 16 and the vertical characteristic variable filter so 
18 by way of the horizontal RAM 40 and vertical 
RAM 42.. 

More particularly, as shown in Rg.3, for the 
operation of the horizontal characteristic variable fil- 
ter 16, the coefficient data for horizontal enlarge- 35 
ment or horizontal reduction read out from the 
EPROM 38 and the horizontal RAM 40 is inputted 
to the multipliers 87 0 , 87^ 87 2 , 87 3 , ... B7 n respec- 
tively. The same applies to the vertical characteris- 
tic variable filter 1 8. 40 

(ii) The enable signals corresponding to the hori- 
zontal characteristic variable filter 16 and the verti- 
cal characteristic variable filter 18 are inputted by 
the function © of the control circuit 44 responding 

to the enlargement/reduction selection signals "00", 45 
"01", "10" and "11". 

More particularly, as shown in Fig.3, for the 
operation of the horizontal characteristic variable fil- 
ter 16, the read enabling signal is inputted to the EN 
terminal of each of the delayers 86^ 86 2 , 86 3 , ... so 
86 n when the horizontal enlargement processing is 
selected, while the enabling signal is inputted when 
the horizontal reduction processing is selected. The 
same applies to the vertical characteristic variable 
filter 18. 55 

(iii) Therefore, when the enlargement/reduction 
selection signal is "01 " or "1 1 " (i.e., when the first bit 
is 1), the horizontal characteristic variable filter 16 



10 

executes the filter processing for horizontal 
enlargement according to the coefficient data for 
horizontal enlargement and the inputted read-ena- 
bling signal, while the horizontal characteristic vari- 
able filter 16 executes the filter processing for 
horizontal reduction according to the coefficient 
data for horizontal reduction and inputted enabling 
signal when the enlargement/reduction selection 
signal is "00" or "1 0" (i.e., when the second bit is 0). 

[0048] Similarly, when the enlargement/reduction 
selection signal is "1 0" or "1 1" (i.e., when the second bit 
is 1), the vertical characteristic variable filter 18 exe- 
cutes the filter processing for vertical enlargement 
according to the coefficient data for vertical enlarge- 
ment and the inputted read-enabling signal, while the 
vertical characteristic variable filter 1 8 executes the filter 
processing for vertical reduction according to the coeffi- 
cient data for vertical reduction and the inputted ena- 
bling signal. 

(2) Operations of Selector Groups 22 through 32 

[0049] The first, second, third and fourth selectors, 
22, 24, 26 and 28, select the inputs, A, B, C and D, 
respectively according to the enlargement/reduction 
selection signals, "00", "01", "10" and "11". 
[0050] Decoder 36 outputs the L-level signal 
according to the enlargement/reduction selection sig- 
nals, "00", "01" and "10", while outputting H-level signal 
according to the enlargement/reduction selection signal 
"11", so that the fifth and sixth selectors, 30 and 32, 
select A-input according to the enlargement/reduction 
selection signal, "00", "01" and "10", while selecting B- 
input according to the enlargement/reduction selection 
signal "11". 

(3) Order of Various Processings 

[0051] When "vertical reduction and horizontal 
reduction", "vertical reduction and horizontal enlarge- 
ment", "vertical enlargement and horizontal reduction" 
or "vertical enlargement and horizontal enlargement" is 
selected by the operations described in sections (1 ) and 
(2), the processing of the video signal inputted to the 
input terminal 10 by the contour correction circuit 14, 
horizontal characteristic variable filter 16, vertical char- 
acteristic variable filter 1 8 and frame memory 20 is exe- 
cuted in the order described in the following sub- 
sections (a), (b), (c) and (d), the details of which is given 
below respectively. 

(a) When vertical reduction and horizontal reduc- 
tion are selected: 

(i) When the enlargement/reduction selection 
signal is "00", the video signal inputted to the 
input terminal 10 is inputted, for processing, to 
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the horizontal characteristic variable filter 16 by 
way of the A-input and Y-output of the first 
selector 22, and this is followed by the input, for 
processing, to the vertical characteristic varia- 
ble filter 18 by way of the A-input and Y-output 5 
of the second selector 24, the input, for re-sam- 
pling, to the frame memory 20 by way of the A- 
input and Y-output of the third selector 26, the 
input, for processing, to the contour correction 
circuit 1 4 by way of the A-input and Y-output of w 
the fourth selector 28 and the A-input and Y- 
output of the fifth selector 30 and the output to 
the output terminal 12 by way of the A-input 
and Y-output of the sixth selector 32. 
(ii) As explained in the section (1), when 15 
enlargement/reduction selection signal is "00°, 
not only the horizontal characteristic variable 
filter functions as the horizontal reduction filter 
but also the vertical characteristic variable filter 
functions as the vertical reduction filter. 20 



Therefore, as shown in Fig.5 (a), the video sig- 
nal inputted to the input terminal 10 undergoes the 
horizontal reduction processing by the horizontal 25 
characteristic variable filter 16 and the vertical 
reduction processing by the vertical characteristic 
variable filter 18, and this is followed by the sam- 
pling by the frame memory 20 and the contour cor- 
rection by the contour correction circuit 1 4. 30 

Thus, as shown in Fig.6 (A), the image reduc- 
tion processing is followed by resampling and con- 
tour correction, meaning that the band of high-pass 
frequency component will not be restricted empha- 
sized by the contour correction in the stage of the 35 
image reduction processing unlike the conventional 
case where the contour correction is made after the 
image reduction processing (Refer to the case of 
Fig.6 (B)). 

In other words, when the frequency character- 40 
istic of the original signal (inputted video signal) 
sampled at frequency Fs is as shown in Fig.6 
(A)(a), the band of frequency is limited by reduction 
filter as shown in Fig.6 (A)(b), and this is followed by 
the re-sampling processing (thinning processing) at 45 
frequency Fs/2 as shown in Fig.6 (A)(c) and con- 
tour correction as shown in Fig.6 (A) (d). 

With this contour correction, the high-pass 
component is emphasized to produce contour cor- 
rection effect as represented by the hatched areas so 
in Fig.6 (A)(d). 

In contrast, as shown in Fig.6 (B), in the case 
for comparison where the image reduction process- 
ing is executed after the contour correction, the 
high-pass frequency component is emphasized as 55 
represented by the hatched area in Fig.6 (B)(b); the 
high-pass frequency component is limited with 
respect to frequency band by reduction filter as 



shown in *Fig.6 (B)(c) and is then re-sampled (thin- 
ning processing) at frequency Fs/2, and, as a 
result, the contour correction becomes ineffective 
as shown in Fig.6 (B)(d). 

(b) When vertical reduction and horizontal enlarge- 
ment is selected: 

(i) When the enlargement/reduction selection 
signal is "01", the video signal inputted to the 
input terminal 10 is input for processing, to the 
vertical characteristic variable filter 1 8 by way 
of the B-input and Y-output of the second selec- 
tor 24, and this is followed by the input, for re- 
sampling, to the frame memory 20 by way of B- 
input and Y-output of the third selector 26, the 
input, for processing, to the horizontal charac- 
teristic filter 16 by way of B-input and Y-output 
of the first selector 22, input, for processing to 
the contour correction circuit 14 by way of B- 
input and Y-output of the fourth selector 28 and 
A-input and Y-output of the fifth selector 30, 
and the output to the output terminal 1 2 by way 
of A-input and Y-output of the sixth selector 32. 

(ii) As discussed in the previous section (1), 
when the enlargement/reduction selection sig- 
nal is "01 not only the horizontal characteristic 
variable filter 16 functions as a horizontal 
enlargement filter but also the vertical charac- 
teristic variable filter 1 8 functions as a vertical 
reduction filter. 



Therefore, as shown in Fig.5 (b), the video sig- 
nal inputted to the input terminal 10 undergoes the 
vertical reduction processing by vertical character- 
istic variable filter 18, resampling by the frame 
memory 20, horizontal enlargement processing by 
the horizontal characteristic variable filter 16 and 
the contour correction processing by the contour 
correction circuit 14. 

Thus, the contour correction effect, similar to 
that in the case given in (a), can be obtained with- 
out fear of getting the contour correction effect lost 
like in the case of the conventional system, 
(c) When vertical enlargement and horizontal 
reduction are selected: 

(i) When the enlargement/reduction selection 
signal is "1 0", the video signal inputted to the 
input terminal 10 is inputted, for processing, to 
the horizontal characteristic variable filter 1 6 by 
way of C-input and Y-output of the first selector 
22, followed by the input, for re-sampling, to the 
frame memory 20 by way of the C-input and Y- 
output of the third selector 26, the input, for 
processing, to the vertical characteristic varia- 
ble filter 18 by way of C-input and Y-output of 
the second selector 24, the input, for process- 
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ing, to the contour correction circuit 14 by way 
of C-input and Y-output of the fourth selector 28 
and A-input and Y-output of the fifth selector 
30, and the output to the output terminal 12 by 
way of A-input and Y-output of the sixth selector 5 
32. 

(ii) When the enlargement/reduction selection 
signal is "10°, as described in (1), not only the 
vertical characteristic variable filter 18 func- 
tions as a vertical enlargement filter but also 10 
the horizontal characteristic variable filter 16 
functions as a horizontal reduction filter. 



Therefore, as shown in Rg.5 (c), the video sig- is 
nal inputted to the input terminal 1 0 undergoes the 
horizontal reduction filter processing by the hori- 
zontal characteristic variable filter 16, re-sampling 
by the frame memory 20 and vertical enlargement 
filter processing by the vertical characteristic varia- 20 
ble filter 18 and the contour correction by the con- 
tour correction circuit 14. 

Thus, the contour correction effect similar to 
that in the case of (a) can be obtained, without 
causing the contour correction effect to be lost like 25 
in the case of the conventional system, 
(d) When vertical enlargement and horizontal 
enlargement are selected: 

(i) When the enlargement/reduction selection 30 
signal is "11", the video signal inputted to the 
input terminal 1 0 is input, for processing, to the 
contour correction circuit 14 by way of B-input 
and Y-output of the fifth selector 30, followed by 
the input, for re-sampling, to the frame memory 35 
20 by way of D-input and Y-output of the third 
selector 26, the input, for processing, to the 
horizontal characteristic variable fitter 16 by 
way of D-input and Y-output of the first selector 

22, the input, for processing, to the vertical ao 
characteristic variable filter 18 by way of D- 
input and Y-output of the second selector 24, 
and the output to the output terminal 12 by way 
of D-input and Y-output of the fourth selector 

28. 45 

(ii) When the enlargement/reduction selection 
signal is "11", as described in (1), the vertical 
characteristic variable filter 18 functions as a 
vertical enlargement filter, while the horizontal 
characteristic variable filter 1 6 functions as a so 
horizontal enlargement filter. 



Therefore, as indicated in Fig,5 (d), the video 
signal, inputted to the input terminal 1 0, undergoes 55 
the contour correction by the contour correction cir- 
cuit 14, followed by the re-sampling by the frame 
memory 20, horizontal enlargement filter process- 



ing by. the horizontal characteristic variable filter 1 6, 
and vertical enlargement filter processing by the 
vertical characteristic variable filter 1 8. 

Thus, as shown in Fig.7 (A), appropriate con- 
tour correction can be obtained following (Initial) 
contour correction, the re-sampling and subse- 
quent image enlargement processing. 

In contrast, in the case of the conventional sys- 
tem, wherein the contour correction is made after 
the image enlargement processing, it results that 
the portion not requiring any emphasis is empha- 
sized as shown in Fig. 7(B). 

More particularly, when the frequency charac- 
teristic of the original signal (input video signal) 
sampled at frequency Fs is similar to that shown in 
Fig.6(A)(a), the frequency characteristic of the sig- 
nal, which has undergone contour correction by the 
contour correction circuit 14, becomes as shown in 
Rg.7(A)(a), that is, the image enlargement 
processing is executed as shown in Fig. 7(A) (b) 
after the interpolation processing by the frame 
memory 20 at the frequency Fs. Therefore, as 
shown in Fig.7 (B), the portion of contour not requir- 
ing emphasis can be prevented from being empha- 
sized. 

In contrast, in the case of the example for com- 
parison, the contour correction is made following 
the interpolation processing by the frame memory 
20 at frequency Fs and the image enlarging 
processing as indicated in Fig.7 (B)(a), causing 
unnecessary emphasizing of the contour portion 
not requiring emphasizing. 
(4) Operation of Contour Correction Circuit 14 

(i) Vertical contour sampler 51 samples the 
contour component in vertical direction from 
the video signal inputted to input terminal 50 by 
the operation of delayers 56, 57, 58 and 59, 
multipliers 61 , 62, 63, 64 and 65 and adder 66. 

Horizontal contour sampler 52 samples the 
contour component in horizontal direction from 
the video signal inputted to the input terminal 
50 by the operation of the delayers 67, 68, 69 
and 70, the multipliers 71 , 72, 73, 74 and 75 
and the adder 76. 

(ii) The contour component sampled by the ver- 
tical contour sampler 51 is delayed sequentially 
by 1 dot through the delayers 77 and 78, fol- 
lowed by the removal of noise component by 
having the components, whose levels are lower 
than set level (e.g., 7), removed by noise (cor- 
ing) circuit 79, the non-linear processing by 
non-linear processing circuit 80, the correction 
of vertical contour emphasis by vertical contour 
correction circuit 81 and the subsequent input 
to one input side of the first adder 53. 

The non-linear processing by non-linear 
processing circuit 80 means the processing 
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designed for applying the limiter to prevent 
unnatural image from being produced by sam- 
pling the vertical contour component of (high) 
level, further, for example, meaning the 
processing wherein the absolute value of the 
amplitude of the contour component is sup- 
pressed within the range where the absolute 
value is higher than the set value S (e.g. sup- 
pression to a fixed value), while being empha- 
sized within the range where the absolute value 
is lower than the set value S (e.g., emphasizing 
according to the linear characteristic of a coef- 
ficient larger than 1). 

(iii) For the contour component sampled by the 
horizontal contour sampler 52, the component 
lower than the set level (e.g., 7) is suppressed 
by the noise (coring) circuit 82 to have its noise 
component removed, followed by the non-lin- 
ear processing by the non-linear processing 
circuit 83, the correction of horizontal contour 
emphasis by the non-linear processing circuit 
83 and the input to the other input side of the 
first adder 53. The non-linear processing by the 
non-linear processing circuit 83 is substantially 
similar to the non-linear processing by the non- 
linear processing circuit 80. 

(iv) The composite contour component 
obtained by the first adder 53 is added to the 
video signal by the second adder 55 and is out- 
putted from output terminal 54. The video sig- 
nal, corrected for contour and to be outputted 
from the output terminal 54, becomes D-input 
of the third selector 26 and A-input of the sixth 
selector 32. 

[0052] The description of the above embodiment is 
concerned with the case where, in order to enable the 
contour correction in both horizontal and vertical direc- 
tions, the contour correction circuit is composed of the 
horizontal contour sampler, vertical contour sampler, 
the first adder and the second adder, but the present 
invention is not limited to such an embodiment and is 
also applicable to the image processor, wherein the 
contour correction circuit comprises either the horizon- 
tal contour sampler or vertical contour sampler and the 
adder in order to execute the contour correction in either 
one of horizontal direction or vertical direction. 
[0053] The above embodiment is designed so that, 
when one of the horizontal direction and vertical direc- 
tion is related to image enlargement processing while 
the other is related to image reduction processing, in 
order to prevent the contour correction effect from 
becoming ineffective as the result of the image reduc- 
tion processing by the selector groups, the processing 
is set to proceed sequentially through the stages of ver- 
tical characteristic variable filter, image memory, hori- 
zontal characteristic variable filter and contour 
correction circuit; when the enlargement/reduction 



selection signal is for vertical enlargement and horizon- 
tal reduction, the processing is set to proceed sequen- 
tially through the stages of the horizontal characteristic 
variable filter, image memory, vertical characteristic var- 

5 iable filter and contour correction circuit, but the present 
invention is not limited to this arrangement 
[0054] For instance, where (the image processor) is 
arranged so that, when the enlargement/reduction 
selection signal for vertical reduction and horizontal 

w enlargement is selected by the selector groups, the 
processing is set to proceed sequentially through the 
stages of the contour correction circuit, vertical charac- 
teristic variable filter, image memory and horizontal 
characteristic variable filter, while, when the enlarge- 

15 ment/reduction selection signal for vertical enlargement 
and horizontal reduction is selected, the processing is 
set to proceed sequentially through the stages of the 
contour correction circuit, horizontal characteristic vari- 
able filter, image memory and vertical characteristic var- 

20 iable filter, the system can be arranged so that, when 
one of the horizontal direction and vertical direction is 
related to image enlargement processing while the 
other is related to image reduction processing, the por- 
tion of the contour not requiring emphasis is prevented 

25 from being emphasized. 

[0055] More particularly, when "vertical reduction 
and horizontal reduction", "vertical reduction and hori- 
zontal enlargement", "vertical enlargement and horizon- 
tal reduction" and "vertical enlargement and horizontal 

30 enlargement" are selected according to the enlarge- 
ment/reduction selection signals "00", "01", "10" and 
"11", the sequence of processing of the video signal 
inputted to the input terminal 1 0 in the stages of the con- 
tour correction circuit 14, horizontal characteristic varia- 

35 ble filter 1 6, vertical characteristic variable filter 1 8 and 
frame memory 20 can be set as given in Fig, 10 (a), (b), 
(c) and (d), by altering C-input of the first selector 22 
and B-input of the second selector as shown in Fig. 8 
and by altering the function of the decoder 36a as given 

40 in Fig. 9. 

[0056] With the arrangement described above, 
when the vertical reduction and horizontal enlargement 
or vertical enlargement and horizontal reduction is 
selected, the horizontal enlargement processing or ver- 

45 tical enlargement processing is executed after the con- 
tour correction, whereby it can be made possible that 
the portion (of the contour) not requiring emphasis is 
prevented from being emphasized in the image enlarge- 
ment processing. 

so [0057] For the above embodiment, explanation is 
made as to the case where the characteristic variable 
filter comprises the horizontal characteristic variable fil- 
ter and vertical characteristic variable filter so that both 
the image enlargement processing and image reduction 

55 processing can be related to either one of the horizontal 
direction and vertical direction respectively, but the 
present invention is not limited to this case, since the 
present invention is also applicable to the case where 
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the characteristic variable fitter comprises either one of 
the horizontal characteristic variable filter and vertical 
characteristic variable filter. In this case, not only the 
composition of the selector group but also the control of 
the coefficient read-out controller can be simplified. 5 

INDUSTRIAL APPLICABILITY 

[0058] As described in the foregoing, the present 
invention provides an image processor capable of exe- 10 
cuting either one or both of the image enlargement 
processing and image reduction processing, as well as 
the execution of the contour correction processing, and 
is also capable of effecting appropriate contour correc- 
tion, regardless of whether the image enlargement 75 
processing or image reduction processing is selected. 

Claims 

1 . An image processor, comprising a coefficient mem- 20 
ory for previously storing the coefficient data for 
image enlargement and image reduction, a coeffi- 
cient read-out controller for reading out correspond- 
ing coefficient data from the coefficient memory 
according to enlargement/reduction selection sig- 25 
nal, a characteristic variable filter for executing the 
filter processing corresponding to either the image 
enlargement processing or image reduction 
processing according to the coefficient data read 

out by the coefficient read-out controller, an image 30 
memory, a contour correction circuit and selector 
groups, which are provided in the preceding stage 
and subsequent stage of each of said characteristic 
variable filter and said image memory respectively 
and connected to one another, wherein the selector 35 
groups set the processing of inputted video signal 
to proceed sequentially through said contour cor- 
rection circuit, said image memory and said charac- 
teristic variable filter when said enlarge- 
ment/reduction selection signal is for the image 40 
enlargement processing, while the processing of 
the inputted video signal is set to proceed sequen- 
tially through said characteristic variable filter, said 
image memory and said contour correction circuit 
when said enlargement/reduction selection signal 45 
is for the image reduction processing. 

2. The image processor according to claim 1 , wherein 
the coefficient memory previously stores the coeffi- 
cient data for image enlargement and image reduc- 50 
tion, each related with horizontal direction or 
vertical direction; the coefficient read -out controller 
reads out from the coefficient memory the corre- 
sponding coefficient data according to the enlarge- 
ment/reduction selection signal for selecting either 55 
the image enlargement or image reduction, each 
related with either the horizontal direction or vertical 
direction; the characteristic variable filter comprises 



a horizontal characteristic variable filter for execut- 
ing either the filter processing for image enlarge- 
ment or image reduction and a vertical 
characteristic variable filter for vertical image 
enlargement or reduction. 

3. The image processor according to claim 2, wherein, 
when the enlargement/reduction selection signal 
for vertical reduction and horizontal reduction is 
selected by the selector groups, the processing is 
set to proceed sequentially through the horizontal 
characteristic variable filter, the vertical characteris- 
tic variable filter, the image memory and the contour 
correction circuit; when the enlargement/reduction 
signal is for vertical reduction and horizontal 
enlargement, the processing is set to proceed 
sequentially through the vertical characteristic vari- 
able filter, image memory, horizontal characteristic 
variable filter and the contour correction circuit; 
when the enlargement/reduction selection signal is 
for vertical enlargement and horizontal reduction, 
the processing is set to proceed sequentially 
through the horizontal characteristic variable filter, 
the image memory, the vertical characteristic varia- 
ble filter and the contour correction circuit; when the 
enlargement/reduction selection signal is for verti- 
cal enlargement and horizontal enlargement, .the 
processing is set to proceed sequentially through 
the contour correction circuit, the image memory, 
the horizontal characteristic variable filter and the 
vertical characteristic variable filter. 

4. The image processor according to claim 2, wherein, 
when the enlargement/reduction selection signal 
for vertical reduction and horizontal reduction is 
selected by the selector groups, the processing is 
set to proceed sequentially through the horizontal 
characteristic variable filter, the vertical characteris- 
tic variable filter, the image memory and the contour 
correction circuit; when the enlargement/reduction 
selection signal is for vertical reduction and hori- 
zontal enlargement, the processing is set to pro- 
ceed sequentially through the contour correction 
circuit, the vertical characteristic variable filter, the 
image memory and the horizontal characteristic 
variable filter; when the enlargement/reduction 
selection signal is for vertical enlargement and hor- 
izontal reduction, the processing is set to proceed 
sequentially through the contour correction circuit, 
the horizontal characteristic variable filter, the 
image memory and the vertical characteristic varia- 
ble filter; when the enlargement/reduction selection 
signal is for vertical enlargement and horizontal 
enlargement, the processing is set to proceed 
sequentially through the contour correction circuit, 
the image memory, the horizontal characteristic 
variable filter and the vertical characteristic variable 
filter. 
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The image processor according to claims 1 , 2, 3 or 
4, wherein the contour correction circuit comprises 
a horizontal contour sampler for sampling the con- 
tour component in horizontal direction, a vertical 
contour sampler for sampling the contour compo- 5 
nent in vertical direction, a first adder for adding the 
contour component sampled by said horizontal 
contour sampler to the contour component sampled 
by said vertical contour sampler and a second 
adder for adding the contour component outputted 10 
from the first adder to the image data to be inputted 
to said contour correction circuit for outputting 
image data corrected for contour 
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